Based on finite difference method and Mohr-coulomb criteria, the numerical model of representative profile of a deep foundation pit was built. The excavation process and soli nailing retaining structure are simulated. The stability of retaining structures which meets the requirement of technical specification is verified by analyzing the displacement and stress. And the force mechanism of soil nailing and concrete surface is studied.
INTRODUCTION
With the rapid development of economy, many deep foundation pit projects rapidly increase and promote the development of retaining technology. The soil nailing wall which has higher security, lower cost and short construction period, is one of the most widely used remaining structures in deep foundation pit projects.
Based on practical engineering experiments and considering the effect of the construction process with the incremental method, a simple method for calculating soil nail forces is proposed [1] . And the soil nailing retaining structure has been simulated, and mechanical parameters and design parameters also have been studied [2] [3] [4] . In this paper, the numerical model of representative profile of a deep foundation pit is built using finite difference method, and the stability and force mechanism of retaining structure are analyzed, to provide references for construction.
Numerical Modeling
The FLAC3D software, based on the finite difference method with Lagrangian calculation method, was used. The foundation pit slope with 2.6m wide and uniform load of 15kPa was analyzed. The grid is a radially symmetric mesh with increasing zone size away from opening. The model with the length of 50m, the width of 2.6m and the height of 28.5m, contains 12600 zones and 15372 grid points. To reduce the impact of boundary to computational accuracy, the distance from two sides to slope is two to four times the depth of pit. The model is shown in Fig. 1 .
As per the geologic condition report, the soil is mainly silt and clay in this project. In elasto-plastic analyses, for determining stress and failure zones around an opening, the Mohr-coulomb criteria was used.
The soil parameters and retaining material properties used in numerical modeling are tabulated in Table 1 -3. Monitoring measurement is an important part of construction of soil nailing retaining system and is also the important basis of stability analysis. To study displacement more clearly, seven monitoring points are arranged in the slope crest and the base of slope, as shown in Fig. 2 . Figure 2 . The location of monitoring points.
Results of Numerical Modeling
The horizontal displacement is got by the monitoring point 1-6, as shown in Fig. 3 . With the excavation of the foundation pit, the displacement gradually increases along positive direction of X axis, and increases along negative direction of X axis. The curve of displacement has a rebound and gets the max value along negative direction of X axis after supporting. The reason of the rebound is that the negative displacement appears after unloading, and the retaining structure is not finished at this point. With the set of soil nailing and concrete layer, the positive displacement appears. But with the excavation, the unloading force gradually increases, then the negative displacement increases until the retaining is finished. The max value of positive direction is 7mm, and the max value of negative direction is 8.2mm. The displacement of the base of slope increases until the retaining is finished. And the max value is 29.2mm.
The vertical displacement is monitored by point 7 as shown in Fig. 4 . With the excavation, the vertical displacement of pit bottom increases as a ladder type along positive direction of Z axis, and this corresponds to stress redistribution. After the excavation, the max vertical displacement is 0.05mm which is within the allowable scope of criterion. The force analysis of soil nailing is shown in Fig. 5 . All the soil nailing carry loads in tension, and the tension in fourth and sixth row is the maximum, which is 54.03KN and is less than the design force. It indicates that the design meets the requirement of technical specification.
Because the correspondence of the concrete layer and soil nailing was considered in the model. The concrete layer and soil nailing form a force system. The Q x between the fourth row soil nailing and concrete layer, and between the sixth row soil nailing and concrete layer are the maximum. And the stress concentration corresponds to the force bearing status of the retaining structure. In the actual engineering, the location of maximum force is in 2/3H depth from the ground. It also indicates that the numerical calculation is successful. 
CONCLUSIONS
(1) The numerical results show that FLAC3D fits the numerical calculation of design of the retaining structure of the deep foundation pit. And it can provide safety evaluation in advance and guide design and construction.
(2) The Q x between the fourth row soil nailing and concrete layer, and between the sixth row soil nailing and concrete layer are the maximum. The slope failure of the deep foundation pit should be noted and avoided.
(3) The stability of retaining structures which meets the requirement of technical specification is verified by analyzing the displacement and stress.
